Summary Sinusoidal vibrations (10-100 Hz, 0.5-2.5 %) reduced catch tension in the anterior byssal retractor muscle of Mytilus edulis, while the stiffness measured as the tension increment in response to the stretch phase of vibration did not change appreciably, indicating that the vibration-induced reduction of catch tension may not be simply explained as being due to the detachment of cross-links between actin and myosin.
The anterior byssal retractor muscle (ABRM) of a common mussel, Mytilus edulis, is known to exhibit a special type of tonic contraction, i.e. the catch state, in which the tension is maintained passively with little energy expenditure (e.g., TWAROG, 1967) . In 1975, Ljung and Hallgren studied the effect of vibrational length changes (100 Hz) on catch tension in the ABRM, and found that catch tension fell during the application of vibration without any recovery after the cessation of vibration, in contrast with active tension which also fell during vibration but developed again after the termination of vibration (LJuNG and HALLGREN, 1975) . The present experiments were undertaken to study the effect of vibration on catch tension in more detail. It will be shown that sinusoidal vibration reduces catch tension without appreciably affecting muscle stiffness as measured by the tension increment in response to the stretch phase of vibration.
The experiments were performed with small fiber bundles (diameter, 0.3-0.5 mm) dissected from the ABRM of Mytilus edulis. The preparation was mounted horizontally in an experimental chamber (3 ml) filled with artificial sea water (497 mM NaC1,10 mM KC1, 20 mM CaCl2, 52 mM MgCl2, pH 7.2 by NaHC03); one end was clamped to a tension transducer (Aksjeselskapet, AME 2, compliance, 5 µm/g, resonance frequency of oscillation, 5 kHz) while the other end was connected to a servo-motor (General Scanning, PD-100). The preparation was first made to contract isometrically with 10-4 M acetylcholine (ACh), and after the development of full isometric tension ACh was removed to put the preparation Received for publication April 11, 1985 into the catch state (see Figs. 1 and 2), which was ascertained by the absence of tension redevelopment following a quick release (e.g., JEWELL, 1959) . In agreement with the previous report (ATsuMI and SUGI,1976) , the catch state was established within 3 min after the removal of ACh. Sinusoidal length vibrations were applied to the preparation during the catch state with the servo-motor operated by an amplifier with the feed-back circuit for position control, the length changes being sensed by a differential transformer (modulation frequency, 10 kHz) incorporated in the servo-motor. At the end of each experiment, the preparation was made to relax with 10-g M 5-hydroxytryptamine (5-HT) (see Fig. 2 ). All experiments were made at 12°C.
As shown in Fig. 1 , the reduction of catch tension became more marked as the peak-to-peak amplitude of applied vibration (20-100 Hz, for up to 5 sec) was increased from 0.5 to 2.5 % of Lo, i.e. the slack length of the preparation determined in the presence of 10 M 5-HT (SuGI and TSUCHIYA, 1979) . Meanwhile, the degree of reduction of catch tension did not change markedly with increasing frequency of vibration from 20 to 100 Hz. The maximum degree of reduction of catch tension observed in the present study was about 60%, being smaller than that reported by LJUNG and HALLGREN (1975) . Fig, 1 . Dependence of the reduction of the catch tension on the peak-to-peak amplitude of sinusoidal vibration. In this particular case, the frequency and duration of vibration were 50 Hz and 1 sec, respectively.
The method of determining the degree of reduction of the catch tension is illustrated in the inset.
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A typical example of the tension changes of the preparation during the application of vibration is shown in Fig. 2A on a fast time base. It will be seen that the magnitude of tension increment in response to the first stretch phase of vibration (4T) is nearly the same as that in response to the last stretch phase (4T'). With vibrations of 2-2.5 %, 4T'/4T ranged from 0.9 to 0.95 (n=7), though catch tension was reduced by 50-60 %. It will also be noticed that the magnitude of tension increment in response to the second stretch phase is slightly smaller than 4T, but is virtually the same as 4T'. Similar results were obtained on six other preparations. By changing the duration of vibrations, the reduction of catch tension was found to occur with a time course shown by the broken line, which was almost exactly in parallel with the line connecting the peak tension increment in each stretch phase of vibration. This result indicates that during the vibration-induced reduction of catch tension, the stiffness as measured by the magnitude of tension increment for a given magnitude of stretch remains almost unchanged.
The tension-length loop in response to vibration was narrow and nonsymmetrical in shape with clockwise rotation (Fig. 2B) . During the period of vibration, there was no marked change in the shape and position of the loop except for a gradual shift of the upper end towards the lower end, reflecting the gradual decrease in peak tension ( Fig. 2A) . Thus, the stiffness as measured by the initial slope of the tension rise in each stretch phase of vibration circle was also found to remain almost unchanged during the period of vibration.
These results indicate that the vibration-induced reduction of catch tension in the ABRM is not accompanied by a corresponding decrease in the stiffness as measured by the above methods. Since muscle stiffness is generally taken as a measure of the number of actin-myosin cross-links (e.g, HUxLEY, 1957) , the reduction of catch tension may not simply result from an increase in the rate of detachment of actin-myosin cross-links (LJUNG and HALLGREN, 1975) . The present results also throw some doubt on the concept that catch tension is maintained by 
